Development of cholinergic sympathetic neurons: evidence for transmitter plasticity in vivo.
Most principal neurons in sympathetic ganglia are noradrenergic. A small population, especially those that innervate sweat glands in rat footpads, are cholinergic. We have characterized the innervation of the glands in adult and developing rats to determine whether sympathetic neurons undergo a transition from noradrenergic to cholinergic during normal development as has been observed in culture. In adult rats, the fibers innervating sweat glands exhibited strong acetylcholinesterase (AChE) staining and vasoactive intestinal peptide (VIP)-like immunoreactivity. None of the axons contained endogenous catecholamines detectable with formaldehyde-induced fluorescence or permanganate fixation. However, like cholinergic sympathetic neurons in culture, all axons could take up and store exogenous catecholamine. The sweat glands and their innervation develop postnatally. At 7 days, the axons innervating sweat glands possessed endogenous catecholamine histofluorescence and small granular vesicles but not AChE or VIP. By 14 days, AChE and VIP staining was pronounced. In contrast, catecholamine fluorescence and the number of small granular vesicles were reduced, and by 21 days they were absent. Further, neonatal treatment with 6-hydroxydopamine, a toxic norepinephrine congener, resulted in the loss of cholinergic as well as noradrenergic sympathetic innervation. These observations are consistent with a transition from noradrenergic to cholinergic function in vivo.